Key words: synaptic transmission -nerve regeneration -axonal transport -goldfish optic nerve -tetrodotoxin Intraocular injections of tetrodotoxin were used to block activity for 27 days in normal fish and for the first 27 or 31 days of regeneration in fish with one optic nerve crushed. Synaptic activity was then assessed by a current source-density analysis of field potentials evoked by optic nerve shock at different times following the TFX treatment. In normal fish, the lack of activity for 4 weeks had no significant effect on the maintenance ofsynaptic strength. Likewise, in fish with nerve crush, lack of activity did not prevent the regenerating optic fibers from forming synapses that were nearly as effective as those formed in controls injected with the citrate buffer vehicle. The earliest synapses were formed at the rostromedial comer of the tectum (where the tract enters) at 20 days after nerve crush, when fibers had not yet reached the caudal areas. By 28 days synaptic potentials could be recorded everywhere on the surface of the tectum in both controls and TTX injected fish. However, the latency of the responses with TTX were longer, suggesting a smaller caliber of fiber, which is consistent with an earlier finding of decreased axonal transport in TTX fish 6. Maturation of the regenerating fibers proceeded slowly in both TFX and control fish. After more than 5 months, the projections were nearly normal but still not completely normal.
INTRODUCTION
The role of action potentials in the development of the nervous system is not very well understood. Both in vitro and in vivo preparations have been employed to assess the role of action potentials in development. Tissue or cell culture has furnished a well-controlled situation where activity can be eliminated entirely during synaptogenesis. Some experiments have employed tetrodotoxin(TTX) 19 or xylocaine 4 to eliminate spike activity and found that silent fibers still have the ability to form effective and morphologically normal synapses ~9. However, other studies have shown that motorneurons in TTX culture, even though they are able to form connections with muscle fibers, become shrunken and lose much of their choline acetyltransferase activity ~ .
Among the in vivo preparations, those involving sensory deprivation are most common ILl2. However, while deprivation may lower the level of activity, it does not abolish activity entirely, and hence the interpretation of these experiments in this regard is not clear. Recently, one in vivo experiment has clearly eliminated action potentials during development of the eye and its projection. Harris 9 implanted an axolotl eye into a host newt which produces TTX. Although he was able to show that the eye and its retinal ganglion cells survived and made morphologically normal synapses within the newt tectum, several questions remained unanswered because he was unable to reverse the TTX block and record electrophysiologically. Two of these questions are (1) whether the synapses formed by the silent fibers are as effective as those formed by active ones, and (2) whether the projection formed by
